
A Cohort Study of Twins and Cancer

M. Miles Braun,' Nell IF,.Caporam, William F. Page, slromg predictive value for the experience of another
and Robert N. Itoaver iadividutl who las ideulical gores.

Epidemiologvnd Bitw.t_ics i_am. Nalima!(..,'acu"Imaitme,NUI,
Rockviae.Ma_k_d_tleSZ1_.M.B, t%E C..g. N.n.J.andt&_dicat lntroduetkm
FoBow-up Agctgy. ia_ilutc of Medkiae_ l'_alkmal .Academy or ._.-kace_
W_ DC_MI8 [W. I:.1'.] Numerous _mgle genc WditShave been found to be associated

with _, and in addition it has been _ that combi-
nations of multiple genes that pr_ to cancer may be

Al_cact important in the devdopment of cancer in individua_ (1-2).

Given the current explosion of knowledge of the genetics Although the _m'catly known predisposing genes do uol ex-
and melecalar biology of cancer, the possibility of plain a large proportionof cancers, increasing recognition of
widespread testlag for inherited predisposition to cancer such genes would likely l_d to calls for u_ening of gcnnline
has been raised. The main objective of this study was to DNA among the general population f_r cancer prevention und
assess the effect of inherited predisimsition on cancer early diagnosis (3).
mortality anmag the National Academy of Sciences- The potential benefit of any approach to canceg prevention
National Research Coumcil Twin Registry. The twins that is based on population-wide screening 04germline DNA of
were whitz male United States veteraw of World War II, healthy igople will bcrdated to the proportian of Qmcex deaths
who were born during the period 1917-1927. The feBow- that can be attributed to inherited prcdi_t_itiem. Large twin
up period was frmn 1946 to 1990, and cause of death was .qudicscun help to pot in perspective Iha magnituc_of thLq
determined with the use of death certificates. We proportion. Although precise quantificatio_ of the cff_ts of the
compared cenecwd_ce for death from cancer among genes that predispose to caner is beyond the power of e4_dc-
5690 mtme_, gotlc twin pair_ to timt moag 7248 miological studies using existing twin xegistrie.s(1), the virtu-
dizyg_ic pairs. A imm'lde effect of inherited ally identical genetic makeup of mtmerzygotic twins makes
predispnsitkm to death from cancer wus considered them particularly suitable for evalu_ng the por_ibility that the
present if ceacerdanee for canrcr mortality amtmg presence of single m multiple predisposing genes in an indi-

twin pairs was greater than it was mon_ vidual ctanmonlywill be strongly predictive of thc develop-
dlzygo6c twin pairs. Among mono_'goUc and dizy.gutig menl of cancer.
twins, i total of 1918 cancer deaths was ob_rved. Pric_studies in twins have nm demonstrated that monozy-
Concordance for death from cat_er at all Mtes unmug gotic twins me sub_ntially more lil_ly thandizygolic twins to
menezygotie twins was higher than it wus amoag be.concordant for cant_ or cancer dcath (4-7). However, the
di_,gotle twins (overall rate ratio, 1.4; 95% coafidence number of cancer cases and the number of sites studied haw
interval, 1.0-2.0). For each aygosity group, two or fewer been limited i_ .u_nc studies. Oar study of the NAS-N_.Ca
imlgs were o6ser_t to he cmmcordantfor death frmn Twin Rcgist_. reportsthe largest nmnber of cancex deaths yet
cancer of • speciac dte, with tl_ etception of lug studied in a _ cohaa.
cancer. A enlmrt anal.v_, taking duratim ef follow-up
into account, found that the risk of cancer death onm_ Mutedals und Methods

twins who survh_d the death of their cotwin The aeation of the NAS-NRC Twin Registry and the methods
from cancers not associated with smoking was greater for de.mining z_'goslty of the twins have been described
than am_g dlzygetic twh_ (overaU rate ratio, 1.9; 9_% elsewhere in detail (8, 9). White real©t_ultiple _ occurring
eoafidon_ interval, 1.0-35p; the _nding ratio in the general popola6on of the United States duringthe period
onm_ _ of death ors mtw_.n from smoking- 1917-1927 were identified through • search of birth certifi-
m_iaied cancer was IA (9:$%confiden_ interval, cstcs. Approxin_tcly 93% of the estimatednumberof twin
0.9-2.3). The moderate excess coneordance for ull cancer births were ascertained. (3I"thasc, the Master Index file of the
mortality, that we olmerved among mom_.vgotic compared VA indicated that both members of 15,924 pairs of twins had
with diz_gelic twins iwobably reflects both greater _n'cd in the armed fortes of thc United Statcs during the

i.: environmental _ within menozygotic twin pairs World War II era.Thee veteragB compose the NAS-NRC Twin
tim withia dizylptk twin pairs, as well as a true drect Registry.
of inl_dlled predispeeitinn on cancer mortality. ZygosiW has been determined for 13,486 pairs of twins in
Nouethekas, our results for monozYl_otic twins thepand. Approximately _l,ri00 of the zyg_ity determinations
detaonstrate that knowledge of the eaueer mortality

experleuee of an individual will not commonly have

2 "11_ abl3_eviatiom used are: NAS-NRC_ Natimal Acadrday of _ Na-

Receded liP, g/94; rt,-¢i._l 2/14,'95; acct:pled 2/[4;95. timud Re,w,,at_ Couacil; VA. Vetenm_ Admini_rati0t_ BIRLS, lkaeftciat_"
t To wlmm _ tar relWiats_ be addt_mt_d,at Feotl aad Drug Admin- Identi6catkm and _ Iag_or Subsystemr,CJ, ct_nfidgagg iaterval; _'E.
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were based on questionnaire data about thc sire"ilarityof the among dizygotic twins should be inlcrprcled as huJicating the
twins as children. In addition, zygosily was delcrmined For po_ibility o1"cffects of inherited l_Ul/sposition. Conversely,
approximately 1950 pairs based on blood t)ving and for alp- concordancc among monozygotic twins that is equal to that
proximately 800 Imir,_ based on physical charactaristic_ among dizygotic twins (or lower ctmcordance among monozy-

' primarily fmgcrpcints. Cro,_q-validafionof these rc.sal_ (7, 9) gofic twins) may indicate the absence of effects of inherited
and the work of other invesri_tors (10-12) sugg_ that the predi._oosidon(14). Whcn conennluncc among d_'gotic twins
questionnaire data alon_ allow ore'reelz.vg_ily delcrmination cxceed,s Ihat expected by chance alonc, fitmilia] influences a_c
of approximately 95% of the pairs, considered to bc present.

Deaths of the twins were identified with use of either the Cohort Analysfit. This analytic approach takes time into ac-
BIRLS computcrized file of the VA or the analogous nmnual count and also allows the calculation of absolute _ We
filc thai BIRLS replaced in 197"2.For individual twins who perfoxmed a cohort analysis that examined thc mortality cxpe-
B1RLS indicated were deceased, dcath certificates were xc- rien_: among survivors of death of a cotwin from canner
quested _:_sequcntly from the VA to determinc cause of death. (underlyingcausc only). W¢ _ these survivors into two
Death certificatcs arefiled with the VA as aprerequisite for the groups, according to whethcr the cotwin died of _mioking-
disimrsementof death henefits. &_,.sociatedcancer.Cancersconsideredto besmoking associated

Assessment of the completancss of morlali_" ascertain- w'crc those of 11_ lung, larynx, esoplmgu._, kidm:y, bladder,
ment uti_zed the comptlteriz.od vilal .qGI[US data of the Social pancrca_ andbnccal cavity/pharynx (].5). Thc underlyingcatt_
S_curity Administration. These data, when escd in conjunction mortality,of the individnnls in cach of these two groups was
with BIRLS, permil nearly complete mortality ascertainment compared to the underlyingcause mortality of the United States
(13). The BIRLS computerized file of the VA indicatcd dmt popuhtdon wilh thc use of S-ycar age-, sex-, race-, and cakndar
Ihmugh 1990, 9,364 of thc 31,848 twin individuals in the timc'-sTJC_ficrotes. The incid©nce of mortality oftwins in the
NAS-NRC Twin Rcgislry had died. The vital status dataof file ._e_S-N'RCTwin Regishy has been about 18% below that of the
Social Security Administration indicated that of the 20,823 gcneral population. A favorable mortality experience has been
twins whoec Social Sccurity numbers wrae recorded in the chamctcri_icofall World War rlvetexans (16), and this fact is
NAS-NRC Twin Registry', the BIRLS file had ascertained unh-kelyto bias comparison of the mortality of monozvgofic to
98.1r_. For 8902 (95.1%) of the 9364 deaths a_rtained dizygotic twins.
through BIRLS, cause of death was determined from death An ovemn mtc ratio is dcfined as theratioof the obscrved:
ccrtif'_ales submitted to thc VA. expected ratio of cancer _eaths in monozygodc twins to the

The 886 twin pairs in which at least 1 twin died prior to observed:expected ratio in dizygofic twins. The 95% confi-
1946 wctc excluded from analy_. Almost alJ of thesc dcaths dencc fimi_ of tl_ overall rate rafi_ w_c computed with a
were dec to traumaduringWorld War I!.In addition, 2100 twin Ing-Linc_ modal, with the uvc of a modi_d version of the
pairs w'creexdeded from analysis because of unknown zy.gos- GI3M computerprogram (Vet. 3.77; Royal StatL_ical Society,
ity; the vast majority could not be clas_fied according to lmdon, United Kingdom).
zygosity beomse they did not respond to the quea6onnaire for Survival Analysis. Thc pmporikm of twins (whose cotwin bed
zy.gosity detcxmination.Concordance rat_ for ean_cr mortality died of canccr at any agc) that died from cancer by age 63 yaam
among twinpairsof unknown zygosity were intermediate tn the was calculated by the product-limit method (17").Ag_ 63 years
rates among monozy,gotic -anddizygofic twins, as would be is the minimum agc that all mcmbcrs of thc cohort would have
cxlx_'tcd among an unbiased group of twins composed of both attainedhad they lived through 1990.
monozygotic and dizygotic twin

Conmrdamce Analysis. With the nsc of the frcquency of a R_ulls
catLseof dQi_ amoflg thc twins in cach 7.ygt_ly group, tl,,c Thxough 1990, 2,879 (25.3.%) oi tl_ 11,380 monozygotic and
numbcrofrandomlyconcordantpairathatwar©expc_'tedinthat 4,014 (27.7_) of the 14,496 dizy.gofic twins were repotted
zy.gosity _oup was calenlaled. For exampic, a._,_umeC is the dccea.q_d.

numb_ of monozygotic twin individuals dying with cancer and C_t Anal.vm. Morc than two concordant pairs were
N is thc numb_ of monozygotic t_'in individuals. N./2 is the observed w_in a zygns/tygroup for all cancer mortality com-
number of monozygotic twin pairs. Then the number of bincd, fur the subgroups smoking-associatedcanc'crdcaths and
monozy_,otic pairs eapected to bc _oncordanl for cancer dcath cancers deaths not telat¢d to smoking, and foronly one specific
is (C/N)'(N/2). For the concordnncc analysis, causes of dentil site, lung cancer (Table I). A detailed analysis of the lung
were consideredrcgard]essof whethex they appemcd on lhc cancer mortality data has beea prescnted eisewhexe (18). Thc
death cer6ficat¢ as underlyingor asstr.iated causes. (The cohort observed:cxpccted ratio of concordant pairs among dizygulic
anal_is, din,co'bed later, focte_l on only underlying cause of Iwin.s significantly exceeded one for death dec to all cancers
death.) (l-b), smoking-axe'luted cancers (2A), and cancers not related

Monozygotic twins are vixtually gcnctically idcntical, tO smoking (1.4), sug_catmgflunfiial influenccs for each of
' whereas dizygolic twins, as for any s_ling, share on average thcae O'abk: 2). I:l_au_c the obsexved:expected conmrdan_

about one-h_f of their genes. If mom_ygotic twins share an- ratio among mom_otic twins significantly,exceeded the cor-
vironment no more than dizygutic twins ._hareenvironment, rc._po.ndingratio among dizygolic twins, pos_le effu2s of
then a grcatrJ sim_rity or concordance ibr a trait among inherited predisposition were suggmted for death due to all
mono_ygotic than among dizygotic, twins would be evidence cancers (overall rate ratio, L4; 95% C_ L0-2.O). The 0vcrali
/orcffectso/inhcril_lprcdispositionoflhattrail.Howevea, thc rate ratio was also 1.4 (95% CI. lL7-3.1) for deaths from
assumption that anvinmmcntal covariancc dues not vary by canc_ not related to smoking, and for deaths from smoking-
zygosity is sometimes violatedin practice(8). Lacking spe.cific associated cance_ the overall rate ratio was 1.1 (95% CI,
knowledge of the degree to which sharing of pcrtincn! cnvi- 0.6-1.9). For none of the specific cam_ sit_%cxccpt hmg
ronmenral faclors differs betwccn monozygofic and dizygo6c cancer, did the L,_lUCnCyof concordance within a zygosity
twins, greater concordance for a trait among monozygotic than group significantly exceed the expected, nor did _ In:qucncy
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Tab/eI Co_.o_lw0ccfor mtulalily,acgordingtoLn/_;_

No.or"_ IwJns;, l_b

C_ o(dralb ICD-8# M,m_.ygnlicpaJm I}izy_dic pairs
code (, = _0) (, - "n._

One Both _ Both

cacti"sites 14K-20Q 674 61'r 9J_ b7

Sm_-maocialedcmMz_sa Seehelen," 384 21 542 30

t_am not_Jalcdtosmoking _-c ix4m_ 346 12 494 11

S_dec_tq_ir,: cwo_ .;_s
IBaccaJcav_.'p_"yox 140.149 _ 1 41 0

150 34 0 32 0
$temaci 151 27 0 27 I
Coifla_ r_31mn 153--154 _0 1 109 2

155--156 I0 1 21 0
Pancreas 157 38 0 55 O

la_ax 161 11 0 25 0
l.uag lb2 259 10 352 21
Skin 17-)--173 18 0 28 0
I'tmtatc 185 29 o e/8 0
Bladdu 188 29 o 31 o

Kidr.cy 189 21 0 28 0
]_aia mcesmdaes've_s 191-192 23 0 40 II

bystem
Non-li_o's lymFlme_ 200,202, 41 0 _ ti

Leukemia 2O4-207 I? 0 45 I

"For_oflco[ Ihcspecificcam:cJ_#J:S,exce_ hm_cancer,vr_ tbe frequency¢_ _ _f_y _ _ _ e_ by_ mr _ _ _
oi _ din'er_il_ir_utly betwcr.nmomxL,yet_k anddizygutk:twil_

Fm _e., owet'wiaJmtbepairmy havedlcAwithpl_ calm" and his cotwit dt-I with coioacaOo_.
'_A twin pak in which oa¢ twia died v.i_hpmstalccaeoerud _ otherwi_ k_ cancer v,_mldbe comide_ mncerdm fur cancer but not mnc_dant_r
smcking-a_alnd ca,eca _x fm caace;m _ tosmokiug.
"_acer_e..;thfewerd.m I0camx=deathsinazy_mi_"tgovparenotshowa.

l_de 2 Coacenlaocefoe me_ty bern all cmct.v__rmking-L,mciated _ andcaoceysaot t_:latedta tmoklng amoag569Qpain of momozl,'g_ictwins and
7").,A__ Ofd___l_c twins

All cance_ ._t_ng-associatedcanon C'_nce_natrclatedto smokiag
Co_mducc

Mo_:yg,ti_ _ Moae_.l_ic oizygo_c Moe_ygmic _y_

No.olx,e_'ed 61.0 67.0 21.0 30.0 _ 13.0
No. expec_d 27.$ 43.4 8.0 12.5 6.0 9.3

ralio 2.2 15 Z6 2.4 2.0 1.4
95_ amfidt.ncei_Ic_l 1.7-Z8 1.2-2._ 1.6-4.0 1.63.4 1.0-3.5 0.7-2.4

OvertUrateratio" 1.4 I.I 1.4
95_ _ interval LO-_0 0.6-1.9 0.7--3.1

of concordance differ significantly b_twccn monozygotic and associated cancer death of a cotwin is summarized m Table

di_,gotic twins. For death with colon camr_r, one concordant 3. Statistically Sil_ificant elevations abovc cxpcctrAI values
pair was observed among monozygotic twins (O/_ ratio, 2.7; were observed for all_,mc'cr morlality among mooozygofic
95% CI, 0.1-15.1). Among dizygotic twins, two such conco_- twins (O/E ratio, 2.3; 95% Cl, 1.5-3.2) and dizygotictwias

dam pairs were obeerved (O/E ratio, 4.5; 95% CI, 0.5-16.4). (O/E ratio, 1.6; 95% CI, I. 1-2.2). Similar to the concordance

For tl_61 mon(_ygoticpa_s in"_1]ichboth twins died analysis thc overall rate ratio, the ratio of the OIE ratio
with cancer, the specificcancer sites were cr_s-indcxed (not among monozygotic twins to the O/E ratio among dizygofic

_own). Of the 122 cancersin these pairs,47 were lung, 10 twi_s was 1.4 (95% CI, 11.9-2.3; not shown in Tablc 3).
colorcctal,6 stomach,,and 6 huccal.Exccssoccurreno_of Slatislicallysignificantelevationsabove expectedvalucsare
pattcmsconsistentwith knowncancersynd_omeaor poss_ly shown in Table 3 for deaths from "allsmoking-associated
new complexesofcancerswere not apparent, cancer sites among monozygotic (O/E ratio, 2.5; 95% CI,
Cohort Analys_. The mortalily expcfience of the 294 1.5-4.0) and dizygotic (O/E ratio, 2.0; 95% Cl, 1.3-2.9)
monozygutic and 435 dizygotie survivors of a smoking- twins; thc overall rate ratio was 1.3 (95% CL 0.7-2.4).
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twins fox smoking-related cancer deaths, and this is attributab)eF_,_3 Mt_Sty_mg mv6vo_nfdettbofcmwi-hmu.,m_ki_
arJmcia_cmx_ at least in part to the greater conctwdan_ for smoking among

monozygotic as compared with di_-gotic twins (19). Overall,
Mom_ySOliC I)izy._c
(_- 2941 0'- 435) our findingsare consistcntwith inior studiesamongtwins

" performed in northernEurupe and the United Status that have
patioot No.or Rmind suggested that inheritedpredisposition does not explain a largeCauseof death No.of old,erred ol_eem:dto

obs_l ,,t_csvc0 proportionof all cancers or of all cancer mortality (4-7). The
deatts f95'_CI) (95%(.T) explanation for the difference in the findings for ,_,noking-

related cancer moxtafity and death from cancers not relat_ to
Alleteu_ YJ 2.3(1__3.2) 35 1.6(1.1-2._2) smoking may be that in smokers, a relatively, small genetic

Allstm_ting-usocialcd 19 2.5(LS4.0) 24 _ 0 3-X9) con,'button to cancer mortafity may be overwhelmed by the
car= si_ rL_ a_,----------------_iatcdwith smoking. Moreover, geacticeffc_s for

cancer deaths may be more prominent among younger persons
Allatacer_ not I1 L9(0.0_3.4) tl 1.2(0.6--_!) (e.g., <50 years of age); however, the small number of such

,datedt, looking deaths precluded dctail_ study of this issue in our cohort.
It is useful to put in warslg_ve the magnitude of the

sw,oking._.--_-od differences between thc zygosity groups in concordance nttea
t=mcet" talt_

][kgt_l ¢_'ilyand 3 8.8(1.&--25.6) t 1.R(0.0-9.S) for all cancer mortafity (overall rate ratio, 1.4) by comparison
p_avj_ with otherchronic diseases. A previous sludy petformed in the

Lung 11 P.I(1.0-.3.7) 19 7_.7.(L3-3.4) NA_-NRC Twin Registry examined concordance for several
LtOmt 1 5.5(0-l-30.7) 1 3.4(o.0-18.6) chronic di_as_ The overaU mtc _ for schizophrenia was
F._phag_ 0 0.0(11.0-10.0) 2 3.3(0.¢tZl) .5.4; hypertension, 2.4; diabrAt_ 2.4; pcptlc ulcer dE,case, 1.7;

0 0.o(0._t0.9) 0 0.o(0,o-6.6) ischcmlcheart disease, 1.6; and chronic obstructive pulmonary
Pmu:n_ 2 3.1(O.d-tl.1) 1 1.1(0.0--5_) dlscase, I_5 (_'_'_'_'_'_'_'_'_'20).
tUadda 2 v.! (0.8-z_ o 0.0(_).o-8.0) Although a greater degree of contax'danccfor death from

cancer was observed among monozygotic comparedwith dizy-
gotic twins, dcath I_ cancerin a specific monozygotic cotwin

Statistically significant elevations were observed among did not indicate that his bmtheJ was likely to die soon of cancer.
monozygotic twins for death fJom cancer of the pharynx/ Indeed, fewer than 1 of 8 monozygotic twinswhose cotwin died
buccai cavity (O/E ratio, 8.8; 95% CI, 1.H--25.6) and cancer of cano_ could be expected to die of CahOOTif they lived until
of the lung (DIE ratio, 2.1; 95% CI, 1.0-3.7). Among dizy- age 63 years. Of the deaths that did occur, ooncancer causes
gofic twins, significant elevations in risk ,,veto observed only exceeded cancer causes; of rig pairs concordant for cancer
for death from lung cancer (O/E ratio, 2.2; 95% CI, 1.3-3.4). death, fewer than 25% were concordant for death from

For the _ monozygo6c and 397 dizygotic mu_,ivorsof cancea of thc same site.
•death of a co_,in from concert; not related to smoking, the Slatisticalpowcrwa_ limitedfor thedetcctkmofeffcctsof

diffc_mo= in cancer mortality incidence between_ zygosity inlgrited predisposition through compari,¢zmof dtc-_ecific
groups were more pronounced. An'rangmonozygotic twin sur- concordance for cancer mortality umong mo_ozygotictwins to
v_vol_, the observed:expected mortality rado from canc_ was that among dizygutic twins. However, some mnclusions can be
1.6 (95% CI, 1.0-2.4); among dizygotic twins the ratio was 0,9 drawn. For lung cancer mortality, we found greatel cont_r-
(95% CA, 0.5-1.3), for an overall rate ratio of 1.9 (95% CI, dance mnong dizygotic than monoz.ygotic twins (Table 1).
1.0-3.5). The only specific cancer site for which there was a These findings have bcen analyzed in greater dctnil in a study.
statistically significant excess of mortality was c,sophagealcan- d_ exclusively with death from lung cancer, and they
cc_among mono_-gotic twins. "Ibeobserved numher of death.s surest thatthe effect of inhedIcd pmdispositiun on lung cancer
was 3, wheats (1.4was expected (O/T.,7.7; 95% CA, 1.6-22.6). mo_,ality in white men older than age 50 yea_ is negligible at

Survival _ With the use of the product-limit method, the populatim level (21).
Estimates of the Int_ortion of colon _ attributableto

follow-upof the monozygotictwinswhose cotwindiedfrom hereditary,ncmpolyposis co]orcctal cancer have often been in
._noking-_ated cancer found the proportion dying of can- the range of 4-6%, with some c.qimatc_ as law as ! % and
ca! beforeage 63 3cars to bc 14.0%; among the monozyg_ic
twins wlmsc cotwins died flora cancers not associated with others as high as 13% (22-24). In our study, of the 91 monozy-
smoking, 9.4% died of cancer before ag_ 63 years. 11tccrate- gotic twin pairs with a colon cancer death, only 1 pair was
sptmding proportions among dizygotic twins were 10,1 and txmcordant; ofthe 111di_,gotictw_n pait_with a colon eancer
6.4%, respeotivclv. Amongail twinsin the cohort, 4.9%diedof death, 2 pairs wcm concordant. If the csOmam that13% of" colon cancers are attributabk to inherited predisposition was
cancer before age 63 year_ correct, the mtwins of 12 of the munozygotic twins who died

o( colon cancerwould Ix: rapectcd to bc at very high risk of
Discussioa colon cancer;, however, only one such death was observed.

Our study found a moderate, statistically significant difference Several caveats for interpretationof our datn should be
in _dmtcc between monozygotic and dizygotic twins for _ated: (a) survivors of twins dying with cancer, particularly
dcallwfromall cancc-_ combined (overall rate ratio, 1.4), cancers that can bc treated effectively, may be more likely to
suggesting a po_'ble roic for inhcrited predisposition in thc have early sig_s of cancer dck_ted and, consequently, to have
etiology o[ cancc_ mortality in _ general population. The death from the discasc prevcatecL h._ a result, an cxcess of
diHercnce in risk between the zygosity groups was lprcater concordance for cancer mmbidity might not tran._latcinto an
among survivom of the death of a cotwin not associated with excess of concordance for cancer mortality. (b) about three-
smoking. In additiun, there wn-_a non,dgnific,_mtextw.as coo- fourllmof thebrotlgrs of affccted twins were still alive through
c_rdance among monozygutic twins compared to dizygodc 1990 wkcn the agt= of the twins rang_ from 63 to 73 years.

;Vi
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"l'her_or_, they are st_l at risk for death from cancer. Howcv_, 8. Hmbec.Z.. andNeeL ]. V. The l_atl,ml ^_Icmy of Scieoo_Na_eal
it is u general rule that the effect of hthcritcd wcd_,'position ItcscauchCouncill_winsegisuy.:teu yearsor,q_=atioa.tn: w. E Nance(ed.).

Twin Rcs_alt'h: _rocx'_gs o_" the Second International CAm.SIc_ OA

tends to wan_ with age (25).. Therefore, wc would be surpri._d studxx Wnhiacto,, D.(- Augu.q29_,eptembcr L 1977._ B. Biolo_ and
if the O/E ratios for concordance for death with cancer increase Epidemiolo_y,pp.LS$-|72. New Ymk: AlanR. L_ 197&

as the age of the cohort increa._s. (c) the study population was 9. Jablon.S_ _ect. $. V_ Ocmbowit_l_, aud^tkiusou.G. r. 1_ NAS-mtC
restricted to white male veterans, and potential effects of this t_ Imel: _ of conu_ ot the paod, _Soslty diagm,h, ud pro-

restrict_n sbould bc kept in mindwhen gcnc_gthc results, pmcd,me. Am.J. HuuL GeneL, 19: I."f_ .161, IQ67.

(d) Hereditary forms of cancer (e.g., colon cancer) may be less 10. CX"dedt_,R., I:n'berg,I, /¢mr_on,E.. _ Kaij+L Stedica on similarity
aggressive than other forms and, therefore, lc_'s likely to be diagnosis ia twin.,_with th_ aid of maiiodqucstiouaJ_s. Acla Genet, 11:

reported in a mortality study such as ours (?35). 33s-.',62, 1_1.
The accuracy of death certificates for the ascertainment of 11. Harvald,B., andIlauge, M. Hcred_. factorsc]ua_htledby t_vP,ns sludiex
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